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INTRODUCTION S t a t i s t i c s obtained from the Mine S a fe ty and H ealth A d m in is tra tio n 's H ealth and S a fe ty
A n a ly s is Center (HSAC) f i l e s fo r the y e a rs 1981 through 1986 have shown back i n j u r i e s as being a s i g n i f i c a n t and co n tin u in g problem in the underground m ining in d u s t r y .
During t h is s ixy e a r p erio d th e re have been a t o t a l o f over 12,500 back i n ju r ie s in underground co al m ines. HSAC s t a t i s t i c s a ls o in d ic a te th a t th e ra te of back i n j u r i e s per 200,000 man-hours worked is h ig h e r the lower the seam o f the coal mine (see T a b le 1 ) .
One re a so n f o r th e in c r e a s e d in c id e n c e in low seams i s th a t underground m iners must perform l i f t i n g ta s k s in r e s t r ic t e d w orking p o s it io n s . P re v io u s B ureau r e s e a r c h has in d ica te d th a t underground miners have a reduced l i f t i n g c a p a c it y when l i f t i n g in an u n r e s t r i c t e d k n e e lin g p o s itio n ( i . e . , a roof height o f 48 in c h e s ) , as compared to l i f t i n g in the stooped p o s itio n at the same roof height (G a lla g h e r, 1 9 87).
T h is rese arch a ls o demonstrate th at m y o e le c tric a c t i v i t y o f the tru n k muscles is s ig n i f i c a n t l y a ffe c te d by the posture assumed when l i f t i n g ( i . e . , sto o p ed or k n e e lin g ). Furtherm ore, the m etab o lic cost o f l i f t i n g was found to be s i g n i f i c a n t l y e le vate d in the k n e e lin g p o stu re compared to stooped. The purpose o f the p rese n t in v e s tig a tio n was to e x a m in e t h e e f f e c t s o f l i f t i n g u s in g r e s t r i c t e d k n e e lin g p o s tu re s ( i . e . , ro o f h eig h ts of 36" and 4 0 " ) , and stooped postures TABLE 1 .-In cid e n ce o f Back I n ju r ie s in Underground Coal M ines, 1981 Coal M ines, -1986 . Incid ence ra te s are exp ressed in terms o f the number o f back i n ju r ie s per man-year (2 00,000 h o u rs ). Low-seam coal mines are defined as tho se w ith a roof height of _< 48 in c h e s , w h ile medium and high seam mines have a roof height > 48 in c h e s . ( a t r o o f h e i g h t s o f 4 4 " and 4 8 " ) on p s y c h o p h y s i c a l l i f t i n g c a p a c i t y , electro m yo graphy o f e ig h t tru n k m uscles, and th e m etabo lic cost of perform ing the l i f t i n g a c t i v i t y . METHOD S u b j e c t s w e re 13 u n d e rg ro u n d m in e rs accustomed to h andling m a te ria ls in r e s t r ic t e d work p o stu re s.
Informed consent was obtained from each p a r t ic ip a n t , and th e s u b je c t was then p re p a re d f o r th e l i f t i n g t e s t s .
The e ig h t tru n k m uscles in v e s tig a te d were id e n t if ie d and th e s k in above th e m u scle was prepared by shavin g and c le a n in g the s k in thoroughly w ith a l c o h o l .
B ip o la r s u rfa c e e le c tro d e s f i l l e d w ith an e le c t r o ly t e gel were attach ed to the s k in above the muscle (3 cm ap a rt ce n te r to c e n t e r ) , and a ground e le c tro d e was attach ed . S u r fa c e e le c tr o c a r d io g r a p h ic e le c tro d e s were a ls o p la c e d fo r d eterm in atio n o f h eart ra te d u r in g t h e l i f t i n g t e s t s .
Each s u b je c t performed two tw enty-m inute p erio d s o f l i f t i n g in each o f fo u r p o stures d u rin g th e day o f t e s t i n g .
In each p o s t u r e , one p e rio d o f l i f t i n g s ta rte d w ith heavy box (ap pro xim ately 95 pounds), and one s ta rte d w ith a lig h t box (a p p ro xim a tely 25 pounds).
The frequency o f l i f t i n g was 10 l i f t s per m inute. EMG data (a t minutes 2 and 18 d u rin g the t e s t ) was t r ig g e r e d when the s u b je c t grasped the handle of the box. However, EMG data from a l l e ig h t trun k muscles was obtained s t a r t in g two seconds p r io r to the time the handle t r ig g e r was a c tiv a te d (by means of the memory b u ffe r in the ISAAC1 5000 high speed data a c q u is it io n system ) to assure th a t a l l EMG data a sso c ia te d w ith the l i f t was c o lle c te d . M etabolic data was obtained during the la s t five minutes o f e v e r y t e s t u s in g a Beckm an M e t a b o lic Measurement C art I .
Heart ra te s were taken every minute during the l i f t i n g t e s t s . EMG d a ta f o r each m uscle was e x p re s s e d as a percentage of the o v e ra ll maximum observed fo r th a t muscle during a l l of the l i f t i n g t e s t s . The MAWL d a t a , a v e ra g e h e a rt r a t e , oxygen c o n s u m p t io n , v e n t i l a t i o n v o lu m e , and r e s p ir a to r y exchange r a tio data were analyzed u sin g an a n a l y s i s o f v a r ia n c e (ANOVA) on repeated measures s t a t i s t i c a l package.
Both mean and maximum EMG data were analyzed using a m u ltiv a r ia te a n a ly s is of v a ria n c e (MANOVA) on a l l muscles follow ed by sep arate ANOVAs and post hoc Duncan Range T e sts performed on each separate m uscle.
L i f t i n g Box and EMG Instrum entatio n
EMG data during the MAWL experim ents were c o lle c te d using a system of su rfa c e e le c tro d e s coupled w ith and EMG a m p lifie r and in t e g r a t o r , an a n a lo g /d ig ita l (A/D) c o n v e rte r, and m icro computer (fig u r e 2 ) .
C o lle c tio n of EMG data was t r ig g e r e d by th e l i f t i n g b o x, w h ich contained m icro sw itch es b u ilt in to one handle and the bottom of the box to a llo w the marking o f s p e c i f i c e v e n ts during the course o f a 1 ift.
The l i f t i n g box was made u sin g a welded a lu m in u m c o n s t r u c t i o n an d w e ig h e d app ro xim ately 19.5 l b . when empty.
The box was d iv id e d in to s e v e ra l compartments where w eights could be added or removed acco rding to the purposes of the t e s t .
Two compartments had hinged co vers in which the exp erim enters randomly v a rie d w eight p r io r to the s t a r t of the t e s t . A m icro sw itch was b u ilt in to one of the box h an d le s, which was a c tiv a te d when the su b je c t grasped the box at the s t a r t of the l i f t . T h is s w it c h was armed by a second sw itch at the microcomputer to prevent f a ls e t r i g g e r i n g due to v ib r a t io n or in c id e n ta l c o n ta c t.
When the sw itch was clo sed a +10 v o lt d ir e c t c u rre n t (VDC) s ig n a l was sent from t h e l i f t i n g box to th e A/D c o n v e r t e r , tr ig g e r in g the c o lle c t io n p ro c e ss.
A second m icro sw itch was attached to the bottom o f the l i f t i n g box and was a c tiv a te d as 1 Reference to s p e c if ic b ran d s, equipment or t r a d e names in t h i s r e p o r t i s made to f a c i l i t a t e understanding and does not im ply endorsement by the Bureau of M ines. long as the box was r e s tin g on i t s base. When the box was l i f t e d , the sw itch opened and the s ig n a l dropped from +10 VDC to z e ro .
ü. S. BUREAU OF MINES
A m icro-com puter was used to co n tro l the e n t i r e d a t a c o l l e c t i o n p r o c e s s . Custom s o ft w a r e was d e velo p ed to a c t iv a t e the A/D c o n v e rte r and sto re the data c o lle c t e d .
When th e re s e a rc h e r wanted to c o lle c t EMG data the microcomputer sent the proper commands to the A/D c o n v e rte r, which then would c o lle c t data o u tp u t from the EMG a m p lifie r / in t e g r a t o r and th e l i f t i n g box. The data are allow ed to pass through the c o n v e rte r's b u ffe r u n t il a +10 VDC s i g n a l w as r e c ie v e d from th e box h an d le m ic r o s w it c h , in d ic a t in g th a t the handle has been grasped in p rep a ra tio n fo r a l i f t .
At t h i s p o in t, the A/D c o n v e rte r sto re d a p re se t number o f d ata p o in ts p r io r to the +10 VDC s ig n a l and began to sto re data p o in ts at the ra te and d u ratio n s p e c ifie d by the re se a rc h e r through the s o ftw a re .
In the p resent s tu d y , in te g ra te d EMG data was c o lle c te d at a ra te of 100 Hertz (H z) fo r a seven second period o f tim e ; two seconds of data were sto re d p r io r to the l i f t i n g box handle s ig n a l being rece ive d by the A/D c o n v e rte r , and f iv e seconds of data were c o lle c te d a f t e r the s ig n a l was re c e iv e d .
T h e b o x m i c r o s w i t c h e s e n a b le d t h e i n v e s t ig a t o r s to a n a ly z e EMG d a ta a t the fo llo w in g p o in ts :
when the box handle was grasped, when the box was l i f t e d , when the box was s e t dow n, and when th e h an d le was r e le a s e d .
The EMG data d e scrib ed in t h is paper were analyzed from the tim e th a t the su b je c t grasped the handle o f the box u n t il the handle of the box was re le a s e d . A ft e r the data had been sto re d in the b u ffe r of the A/D c o n v e r t e r , th e m icro co m p u te r s to re d th e info rm atio n on d is k , cle a re d the b u ffe r o f the A/D c o n v e rte r, and re se t the system fo r another t e s t . T h is data was la t e r tra n s fe rre d to a m ainfram e com puter f o r p lo t t in g and s t a t i s t i c a l a n a ly se s .
RESULTS

A n a l y s i s o f th e d a ta in d ic a t e s th a t r e s t r ic t in g the posture o f underground miners
has a s ig n ific a n t e ffe c t on l i f t i n g ca p a c ity (F^ 3,36 = 9 .0 0 0 , n < .0 0 1 ). Table 2 l i s t s the psychophysical l i f t i n g cap a city fo r each of the experim ental co n d itio n s along w ith data on the m e ta b o lic c o s t o f p e rfo rm in g at each roof h e ig h t.
The g re ate st amount o f weight l i f t e d by th e s e m iners was at the 48" roof height (mean = 66.0 pounds), and the le a s t at the 4U" roof height (mean = 53.5 pounds).
Heart rate ( L 3,36 = 9*543, p_ < .0 0 1 ), oxygen consumption ( t 3*,33 = 8 .0 5 , < .0 0 1 ), and v e n tila tio n volume (F_ 3^3 = 4 .8 8 0 , g_ < .0 1 ) were a l l s i g n i f i c a n t l y ' a ffe c te d by roof height w ith the h ig h e r p h y sio lo g ic a l values o ccurrin g in the k n e e lin g p o stu re s.
The re s p ira to ry exchange r a t i o (F_ 3 t 33 = 3 .8 2 5 , ^ < .0 5 ) was a lso s ig n if ic a n t ly a ffe c te d by p o sture.
The re s u lt s o f the MAN0VA fo r maximum EMG in d ica te d th at seam height has a s ig n if ic a n t e f f e c t on m uscle a c t i v i t y (F = 5 .1 1 5 , p < .0 0 1 ) .
S i m i l a r l y , the MANOVA fo r mean EMG d u r in g th e l i f t i n g t a s k s dem on strated a s i g n i f i c a n t e f f e c t due to seam height (F = 6 .3 9 5 , < .0 0 1 ). N either i n i t i a l box weight ( l i g h t or h e a v y ) n o r tim e o f th e d a ta c o lle c tio n (minute 2 or minute 18 o f the t e s t ) dem on strated a s i g n i f i c a n t main e f f e c t on muscle a c t iv i t y in the m u ltiv a ria te a n a ly s is ([^ > . 0 5 ) .
T a b le 3 p re s e n ts a summary o f s ig n ific a n t r e s u lt s using the Duncan M u ltip le Range Test d e scrib in g the e ffe c t s on percentage o f maximum EMG a c t iv i t y fo r the eig ht trunk m u s c le s due to l i f t i n g in th e fo u r seam hei g h ts.
DISCUSSION
T h is stu d y confirm s the fin d in g s of an e a r li e r in v e s tig a tio n by the Bureau of Mines w hich dem onstrated th a t underground miners h a v e a re d u c e d l i f t i n g c a p a c it y in the kneeling p o stu re , w hile the m etabolic costs of l i f t i n g in the kneeling p o sitio n are g re a te r. These fin d in g s in d ic a te th at m uscular fa tig u e due to m a t e r ia ls h a n d lin g may o c c u r more q u ic k ly in t h i s p o s tu r e , and th at l i f t i n g h ea vie r weights in low-seam coal mines might be b e tte r accomplished in the stooped posture (due to the higher l i f t i n g c a p a c ity in th is p o s it io n ).
The a n a ly s is o f the electrom yographic data i n d ic a t e s th a t the fu n c tio n o f the back m uscles stu d ie d are q u ite d iff e r e n t in the k n e e lin g p o stu re than when sto o p e d . The e re c to r spinae muscles are much more a c tiv e when l i f t i n g in the kneeling p o stu re .
I t seems reasonable to assume th a t these muscles must bear much more r e s p o n s ib ilit y fo r the l i f t in t h i s posture due to the fa c t th at s e v e r a l muscle groups t y p ic a lly c a lle d upon fo r l i f t i n g are not a v a ila b le fo r use in t h is p o s it io n .
As a r e s u l t , t h e r e may be an in c r e a s e d c o m p re ssiv e lo ad on th e lum bar re g io n o f th e sp in e when l i f t i n g in t h is p o s it io n . The g reater m etabolic demand of l i f t i n g in t h is posture is l i k e l y due to an in c r e a s e d demand fo r oxygen by the back m uscles.
In th e stooped p o s t u r e , th e la tis s im u s d o rsi muscles were s ig n if ic a n t ly more a c tiv e during the l i f t i n g ta sks than when k n e e lin g ; h o w e v e r , th e e re c to r e s s p in a e were more quiescent when l i f t i n g in t h is p o stu re . Many stu d ie s have shown th at the e re cto re s spinae demonstrate much le s s a c t iv i t y when the trunk i s f l e x e d , and i t i s assumed th a t the p o s t e r i o r group o f lig a m e n ts ( i . e . , th e p o s te rio r lo n g itu d in a l, the ligamentum flavum , TABLE 3 . -Duncan range t e s t s ig n ific a n c e fo r maximum EMG a c t i v i t y during l i f t i n g t a s k s . C o n d itio n s w ith the same l e t t e r are not s i g n i f i c a n t l y d if f e r e n t at the 0.0b l e v e l . Numbers in parentheses rep re sen t the mean percentage o f maximum EMG a c t i v i t y fo r the c e ll (N = 7 ) . The s u b je c ts were k n e e lin g at 36 and 40 in c h e s , and were stooped a t 44 and 48 in c h e s . = R ig h t L a tis s im u s D o r s i; LES ssim us D orsi ; LEO = L e ft E x te rn a l LRA = L e ft Rectus Abdom inis; RRA = th e i n t e r s p i n o u s , and the su p ra sp in o u s) are p r i m a r i l y r e s p o n s ib le f o r s u p p o r tin g th e v e r t e b r a l co lum n when th e t r u n k i s bent fo rw a rd . I t is l i k e l y th a t the s u b je c ts in the p r e s e n t s t u d y w e re dependen t upon t h e i r ligam ents fo r support during the l i f t i n g t a s k s , and w ere t h e r e f o r e p la c in g th o se ligam ents under co n sid e ra b le s t r e s s .
U n fo rtu n a te ly , i t i s d i f f i c u l t to determ ine such s t r e s s e s .
Th e r e s u l t s o f t h e e le c t r o m y o g r a p h y i n d ic a t e t h a t , in th e stooped p o s tu re , the l a t i s s i m u s m u scle i s w o rk in g a t a h ig h e r percentage o f i t s 1 maximum c a p a c ity than the e re c to re s during the l i f t .
The Bureau o f Mines i s c u r r e n t l y e xa m in in g th e b io m e c h a n ic a l s t r e s s e s o f l i f t i n g in these two p o stu re s using a model by S c h u lt z ( S c h u lt z and Andersson, 1 9 8 1 ; S c h u lt z e t a l . , 1 9 8 2 ), in o rd e r to d e te rm in e th e co m p re ssio n and shear fo rc e s e x p e r ie n c e d by th e s p in e when l i f t i n g in r e s t r ic t e d w orking c o n d itio n s .
The d a ta p re se n te d in t h is paper (alo ng w ith data c o lle c te d in p revio u s s t u d ie s ) w i l l be used by the Bureau o f Mines to make recommendations fo r l i f t i n g m a te r ia ls in the low-seam co al m ining environm ent. The r e s u lt s o f t h is study may a ls o be v a lu a b le in fo rm atio n fo r o ther in d u s t r ie s where w orkers must handle m a te ria ls in r e s t r ic t e d work sp a c e s.
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